To investigate the cost-effectiveness of a rapid response team (RRT), compared with usual care (UC), for treating suicidal adolescents.
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Clinical Implications
• An RRT intervention for suicidal adolescents is more cost-effective than UC from the perspective of the treating hospital.
• From the point of view of society, owing to some parents seeking hospitalization for their child at other hospitals, the costs using the RRT were equivalent to those with UC.
Limitations
• Our study follow-up was limited to 6 months.
• Some patients chose to seek additional care outside the treating hospital, which could have biased estimation of effectiveness.
Y outh suicide is a public health concern of growing importance. [1] [2] [3] Worldwide, suicide remains the second leading cause of death among children ages 10 to 19. 4, 5 In Canada, about 3500 people die by suicide every year, among whom 450 are children and young adults between 10 and 24 years old. 3 A much larger number contemplate or attempt suicide. 6, 7 Following a suicide attempt, many suicidal youth are admitted to the ED for assessment and treatment. Hospitalization may follow in some cases, but recent concerns about the costs and effectiveness of psychiatric hospitalization have led to a greater emphasis on outpatient treatment care. 8 Several studies suggest that psychosocial interventions are at least as effective as inpatient care for treatment of young suicide attempters. [9] [10] [11] [12] [13] [14] [15] [16] In our own trial (see Greenfield et al 13 ) , we assigned 286 suicidal adolescents admitted to the ED either to an RRT outpatient follow-up or to UC. Both groups achieved similar improvements in function and suicidality levels, but those assigned to the RRT appeared to have a significantly lower 6-month hospitalization rate. Several reviews agree that more evidence to support one type of intervention over another for youth suicide is needed. [17] [18] [19] [20] [21] [22] The interest in outpatient treatment alternatives lies not only in improving patient outcome but also in the potential for cost savings. Health care costs associated with inpatient care of youth suicidal behaviour can be substantial. 23 Among 4 studies that examined the costs of treatment alternatives to hospitalization for youth in psychiatric crisis, 12,23-25 only 2 investigated the cost-effectiveness of community treatment for suicidal youth, but 1 focused exclusively on children who intentionally poisoned themselves, 24 and the other focused on self-harm with and without suicidal intent. 25 Using data collected alongside a clinical trial, 13 the objective of our study was to report on the cost-effectiveness of an RRT, compared with UC, for treating adolescents presenting for suicide attempt at an ED. Analyses were conducted from the points of view of the treating hospital and of society.
The hospital perspective includes only the use and cost of resources that are covered by the treating hospital, while the broader societal perspective further includes the use and cost of resources outside the treating hospital, such as visits to other hospitals, as well resources not paid by the health care system, such as out-of-pocket health care expenditures.
Methods
Trial Design
Our trial was conducted in an ED of a large pediatric hospital that serves the youth population in the greater Montreal area, in Quebec. Details of the trial have been described elsewhere. 13 Briefly, the study enrolled 286 suicidal adolescents, aged 12 to 17 years, presenting at the ED between 1996 and 1998, and consenting to participate in the study. Patients were assigned to an intervention arm, depending on the group assignment of the psychiatrist who treated them at the ED. Immediately after the psychiatric assessment in the ED, a research assistant administered a battery of semi-structured interviews with the adolescent alone and then separately with one parent. The psychiatrist then either admitted or discharged the patient, with subsequent referral to the experimental condition or control condition. All patients were contacted for a follow-up interview 2 and 6 months after the ED assessment. Approval for the study was obtained from the institutional review board of the Montreal Children's Hospital.
Interventions
Experimental Group
The RRT included one psychiatrist, one psychiatric nurse, and other health professionals (for example, a social worker, an educational specialist, or an art therapist), 63 % pour la suicidabilité. La différence entre les 2 points de vue est principalement attribuable au coût des hospitalisations hors de l'hôpital traitant.
Conclusions :
Une intervention d'EIR semble être rentable, comparé aux SU, du point de vue de l'hôpital traitant, mais il n'y a pas de différence du point de vue de la société.
the number and nature of which varied over time. The psychiatrist or nurse contacted the patient within 24 hours of the ED visit, and a meeting was scheduled for within 72 hours of the ED visit. Patient and family members were assessed and appropriate treatment was initiated (pharmacological, behavioural, cognitive, and [or] psychodynamic). Patients were also referred to outpatient care and community resources (for example, a family doctor or a school psychologist).
Control Group
Psychiatrists delivering UC could hospitalize the patient, follow the patient as an outpatient, or refer the patient to a hospital-based outpatient psychiatric clinic, a nonhospitalbased community health program, a private mental health worker, or other UC health services.
Regardless of group assignment, patients could be hospitalized at any time subsequent to the initial ED visit. However, the intent was that rapid access to outpatient care would significantly reduce the need for hospitalization.
Health Outcomes
Outcome measures were the difference in functionality and suicidality scores between baseline and 6-month follow-up. The CGAS 26 measures the patient's level of functioning. A higher score (maximum 100) indicates better functioning. The SSBS 27 measures the severity of suicidal behaviour on a 5-point ordinal scale, from no suicidal behaviour to serious suicide attempts. Additional sociodemographic information was obtained from interviews.
Resource Use
The economic evaluation was carried out from the perspectives of the treating hospital and of society. We relied on several data sources: charts from the treating hospital (including records from the RRT), which yielded detailed information on all in-and outpatient services used at that hospital; government administrative data, from which we obtained data on all hospitalizations in the province, physician services (which are billed to the provincial government), and, for publicly insured patients, medications; and, patient questionnaires. Patient questionnaires, administered at baseline, and at 2 and 6 months, provided information on use of medications for patients not covered by the public plan, use of specialized education and youth protection services (including stays at residential facilities), psychologist and other mental health and social service professionals outside the hospital, and parent and patient time.
Costs
Costs of services used were obtained by multiplying frequencies that services were used during the 6-month period (for example, the number of days hospitalized) by a cost per day or per visit. As no standardized source for these exists in Quebec (or in the rest of Canada), they had to be calculated individually. Unit costs were collected for the 1998/99 fiscal year, during which the trial was conducted, and subsequently transformed to 2011 dollars using the Canadian Consumer Price Index, for Health and Personal Care commodities and services, for the province of Quebec. 28 Relevant costs from the hospital viewpoint included those of the experimental and control interventions, ED visits, inpatient stays at the treating hospital, as well as outpatient visits and drugs supplied by the hospital. Physician fees were not considered under this perspective because physicians are paid by the Quebec provincial government and are not covered under a hospital's budget. Hospital service costs (ED visits, outpatient visits, inpatient stays, and RRT) were based on financial and activity reports of the hospitals, supplemented by information from hospital financial officers and data supplied by the trial research team, and estimated using standard methods. 29 Fees paid to physicians were available for all study patients and obtained from the Quebec Health Insurance Board. Unit costs of drugs were also obtained from the Quebec Health Insurance Board. Costs of private visits with a psychiatrist or other health care professionals were obtained from professional boards.
Statistical Analysis
All analyses used an intention-to-treat approach. Given the short time frame of the study, the costs and outcomes were not discounted. ICERs of the outcomes (that is, CGAS and SSBS) were estimated from each perspective. Confidence intervals were calculated using the bootstrap method with 5000 iterations. 29 CEACs were then plotted. A CEAC shows the probability that the RRT intervention is more cost-effective than UC (that the net monetary benefit is positive) for different maximum amounts of WTP per unit of improvement (on the CGAS or SSBS scale). In the context of decision making, a CEAC illustrates the trade-off between uncertainty, as to whether an intervention is costeffective relative to a comparator, and WTP. 30 CEACs can be traced by calculating the proportion of points on the costeffectiveness plane, which are below and to the right of a line that pivots from being horizontal, or superposed on the x axis, to vertical, or superposed on the y axis. Points below the x axis indicate cost-effectiveness if the decision maker is not willing to pay for any improvement in outcome, while points to the right of the y axis indicate cost-effectiveness if the decision maker is willing to pay any amount for any improvement in outcome.
We then used net benefit regression 31 to investigate variation in cost-effectiveness by sex, because sex differences in suicidality are known to exist. 6 Net benefit regression provides a simple method for exploring subgroup heterogeneity by allowing the inclusion of interaction terms directly in a regression analysis. [32] [33] [34] We included the following variables in our model: assigned treatment group, sex, and an interaction term between treatment group and sex.
Finally, because of uncertainty in some unit costs (meetings with resident psychiatrists and participation in the Adolescent Treatment Program), we performed several sensitivity analyses of the ICER, using a 50% variation in costs. In preliminary analyses, we found 2 participants in the control group who were outliers in length of hospitalization (more than 19 standard deviations above the mean). We reran analyses excluding these participants. All analyses were performed in STATA (release 9.0, College Station, TX).
Results
Participants
A total of 158 patients were assigned to the experimental group and 128 to the control group. 13 About one-third of participants were males. Other sociodemographic and clinical characteristics of participants have been described elsewhere. 13 No significant differences in any of these variables were found between the groups at baseline. Suicidal ideation and type of suicide attempt were also comparable between groups, except use of drug overdose as a method of suicide attempt, which was more prevalent in control subjects (10% in the experimental group and 23% in the control group, P = 0.004)
Outcomes
As previously reported, there were no clinically or statistically significant differences in clinical outcomes between the groups at 6-month follow-up. 13 
Resource Use
Resource use was similar between the 2 groups (Table 1) , with the exception that those from the control group were, on average, hospitalized more often at the treating hospital, spent more time being hospitalized, and had more meetings with outpatient psychotherapists and social workers than those from the experimental group. The overall hospitalization rate at the treating hospital was significantly higher in the control group (43%), compared with the experimental group (18%) (P < 0.001). However, when including hospitalizations in nearby hospitals, the Figure 1 illustrates the cost-effectiveness planes using the 5000 bootstrapped replications. From the treating hospital's perspective, and using the CGAS as the outcome (Figure 1a ), most of the points are in the lowerright quadrant, indicating that the experimental treatment is more effective for improving function and less costly than the control intervention; from a societal perspective (Figure 1b) , as outcomes are unchanged, the points mostly rise so that the experimental intervention now does not seem either more or less costly than UC. For suicide severity (Figures 1c and 1d) , the points are on the left side of the quadrant, reflecting the lower effectiveness of the experimental treatment in improving suicidality than that of the control treatment. From the hospital's viewpoint, the experimental intervention is also less costly, but from a societal viewpoint, it is about as costly as the control intervention.
Costs
Cost-Effectiveness Analysis
Incremental Cost-Effectiveness Ratios
Cost-Effectiveness Planes
Cost-Effectiveness Acceptability Curves
The CEACs are illustrated in Figure 2 and show the probability that the experimental intervention is more cost-effective than the control intervention, given a WTP of between $0 and $20 000 for a 1-point increase in functionality score (Figures 2a and 2c) , and between $0 and $100 000 for a 1-point decrease in suicidality score (Figures 2b and 2d ). For functionality scores, the probability that the experimental intervention is more cost-effective is higher at a WTP of less than $5000 for the treating hospital, and at a WTP of more than $1000 for society. For suicidality scores, the probability that the experimental intervention is more cost-effective is highest when the WTP is zero, for both the treating hospital and society.
Net Benefit Regression
Results of the net benefit regression models (not shown) indicate that sex did not have a statistically significant impact on any of the cost-effectiveness estimates.
Sensitivity Analysis
Two-way sensitivity analyses of the ICER, varying unit costs for the Adolescent Treatment Program, and meetings with psychiatry residents up or down by 50%, did not significantly alter our results. The exclusion of 2 outliers in hospitalization length from the control group resulted in 
Discussion
The objective of our study was to assess the costeffectiveness of an RRT intervention, compared with UC, for the treatment of adolescents presenting in an ED for a suicide attempt. We estimated costs from the point of view of the treating hospital and of society. Overall, we found that the RRT was cost-effective from the point of view of the treating hospital, but that there is no difference in costs, or cost-effectiveness, from the point of view of society.
Point estimates indicate that the RRT cost less than UC: $1886 less per patient for the treating hospital, and $991 less for society. This difference between the 2 perspectives was mainly attributable to the costs of hospitalizations outside the treating hospital. Because patients have access to all hospitals under the Canadian health care system, it is possible that these results reflect the decision of parents to seek care outside the treating hospital if their child was randomized to the experimental group and they felt their child needed to be hospitalized.
Analysis of sampling uncertainty suggests that the intervention is cost-effective from the point of view of the treating hospital, but that the intervention and UC are about equally cost-effective from the point of view of society. The near-null difference in suicidality results in an ICER, with a very wide confidence interval, as reflected in the large proportion of points near zero on the x-axis, on the costeffectiveness planes. It is reasonable for a decision maker to be indifferent to the small, clinically nonsignificant differences in suicidality score that were observed. In this case, the intervention is likely to be cost-effective from the viewpoint of the treating hospital-it is cost-saving, as reflected in most of the points on the cost-effectiveness plane being below the x-axis, and in the high probability of costeffectiveness at zero on the CEAC. In the case of the CGAS, the intervention appears to have a high probability of being cost-effective, regardless of the perspective and the decision maker's WTP. However, as it is reasonable for the decision maker to be indifferent to the small, clinically nonsignificant differences in suicidality scores, it is also reasonable to be indifferent to the small, clinically nonsignificant differences Cost-Effectiveness of a Rapid Response Team Intervention for Suicidal Youth Presenting at an Emergency Department in functioning scores. Given the nonsignificant difference in costs from the societal perspective (reflected in the points, which are divided almost equally between the top and bottom halves of the cost-effectiveness planes for the societal perspectives), one can then conclude that the intervention is cost-effective from the point of view of the treating hospital, but that there is no difference in cost-effectiveness from the perspective of society.
Results are not entirely comparable to those of previous economic evaluations of outpatient treatments for suicidal youth, 24, 25 which focused on the addition of an outpatient service to UC, and targeted specific youth populations different from our own. Green et al 25 found that the addition of group psychotherapy to UC was not cost-effective in a sample of adolescents presenting with more than one episode of self-harm. Similar to our study, the authors reported comparable health improvements between treatment groups on suicidality and social functioning, but costs for society were slightly higher for the intervention group, compared with the control group. Byford et al 24 observed similar results for a home-based social work intervention, compared with UC alone, in children who intentionally poisoned themselves. The authors found no significant differences in costs or in any of the main health outcomes, including suicidality and mood. Similar to our findings, several studies on psychosocial treatment in suicidal children have reported little to no differences in suicidal behaviours and functional outcomes, compared with UC. 9, 10, 12, 16, 18, 24, 25 Our study had some limitations. The study follow-up was limited to 6 months. A longer follow-up time could have yielded larger differences in outcomes, although prior work in this population suggests that such differences are most salient in the short term. 13 The study was an open pragmatic randomized trial. We found some patients chose to seek additional care outside the treating hospital, which may have biased estimation of effectiveness. Our analysis, from a societal perspective, did not consider any possible effects of the intervention on parental participation in the labour force, although the parental time involvement is quite similar between the 2 interventions, and clinical effectiveness essentially the same, suggesting that any such effect would be minimal. Finally, the data we used are several years old. However, the question posed in the initial study remains relevant, and there is no reason to believe that the cost offsets revealed in the data would be materially different if the study were conducted today. This is one of the few studies to assess the cost-effectiveness of outpatient treatments in suicidal youth, and the first to specifically investigate an RRT intervention in a sample of adolescents who attempted suicide. We conducted a detailed assessment of resource use and costs from the perspectives of both the treating hospital and of society, and analyzed the data using state-of-the-art, cost-effectiveness analysis methods.
Conclusions
An RRT intervention appears to be a cost-effective approach for treatment of suicidal youth, compared with UC, from the point of view of the treating hospital. There is essentially no statistical difference in costeffectiveness between the 2 approaches from the point of view of society. Better addressing the concerns of parents who receive the services of the RRT, so that they are less likely to seek hospitalization for their child elsewhere, may render the intervention cost-effective from a societal perspective.
